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ABSTRACT 


Flavonoids were surveyed (by paper chromatography) in leaves of 29 Leucospermum 
species. All samples examined contained the 3-O-galactosides and 3-O-rutinosides of 
quercetin and isorhamnetin while the 3-O-glucosides and 3-O-arabinosides of these ag- 
lycones were more restricted in their distribution. Myricetin 3-O-rutinoside was very 
restricted, occurring in only 5 species. The taxonomic significance of this distribution 
pattern as well as the phylogenetic implications are discussed. No cyanogenic compounds 
could be detected and arbutin was also absent. The phenolic lactone, leucodrin, was found 
in 9 of the species surveyed. 


UITTREKSEL 


FLAVONOIDGLIKOSIEDE VAN LEUCOSPERMUM R.BR 

Die voorkoms van flavonoiede is deur papier-chromatographie bepaal op blare van 29 
Leucospermum spesies. Al die monsters wat ondersoek is bevat die 3-O-galaktosiede en 
3-O-rutinosiede van kwersetien en isorhamnetien terwyl die 3-O-glukosiede en 3-O- 
arabinosiede van hierdie aglikone meer beperk is in hulle distribusie. Mirisetien-3-O- 
rutinosied is baie meer beperk en het in 5 spesies voorgekom. Die taksonomiese betekenis 
van hierdie distribusiepatroon asook die filogenetiese implikasies word bespreek. Geen 
sianogeniese stowwe kon ontdek word nie en arbutien is ook afwesig. Die fenoliese 
laktoon, leucodrin, is teenwoordig in 9 van die spesies wat ondersoek is. 


INTRODUCTION 

The genus Leucospermum currently comprises 47 species arranged in 9 
sections (Rourke, 1972). This genus is found in the sub-family Proteoideae of the 
Proteaceae and it is this sub-family which contains most of the species indigenous 
to South Africa; the other sub-family, Grevilleoideae, comprises mainly Australian 
species. The present survey covers 29 species representing all 9 sections described 
by Rourke. The principal reason for undertaking this study was to improve our 
knowledge of the phenolics, in particular the flavonoids, found in Leucospermum, 
and also to see if they could aid in an understanding of the classification and 
phylogeny of this genus. 

Some Leucospermum spp. have been examined previously for their phenolic 
content. Leucodelphinidin, leucocyanidin, myricetin, quercetin, kaempferol and 
caffeic acid have been reported in 12 species (van Oudtshoorn, 1963; Hegnauer, 
1969; Elsworth and Martin, 1971): van Oudtshoorn also reported the presence of 
arbutin and hydroquinone in all of the 5 species he examined. 

That flavonoids are now used regularly as chemical markers in plant taxonomy 
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has been ably discussed by Harborne (1967, 1975). The studies mentioned above 
involving phenolics of the Proteaceae have used the presence or absence of 
leucoanthocyanins and the occurrence of the three vicinal hydroxy groups as found 
in myricetin as important markers. Certain flavonoid characters have been related 
to morphological advancement and hydroxylation patterns are important characters 
which can aid in establishing phylogenetic sequences. Elsworth and Martin 
divided their plants into four broad groups of different evolutionary advancement 
depending on the presence or absence of certain flavonoid patterns. 

Since all previous studies were done on acid-hydrolysed material, only the 
flavonoid aglycones were isolated and identified. In view of this, the present study 
deals with aqueous methanolic extracts which contain the flavonoid glycosides. 
Also, many Leucospermum spp. not examined before have been included in this 
report. Along with the flavonoids the occurrence of the novel phenolic lactone, 
leucodrin, is tabulated and all samples were surveyed for the presence of arbutin 
and cyanogenic compounds. 

Leucodrin has been known since 1886 but its structure was only established in 
recent years (Perold and Pachler, 1966). It has been isolated from various 
Leucadendron spp. and is characteristic of this genus having been found in all 
species examined. Conocarpin, which is a diastereoisomer of leucodrin (Perold, 
Hodgkinson and Howard, 1972b), is characteristic of the Leucospermum genus. It 
was first isolated and identified from Leucospermum conocarpodendron (Kruger 
and Perold, 1970). Related compounds, reflexin and conocarpic acid as well as 
conocarpin itself have been isolated from L. reflexum (Perold, Hodgkinson and 
Howard, 19722). 


METHODS 


The plant material was collected from the Botanical Research Institute, 
Pretoria and the National Botanic Gardens, Kirstenbosch. Voucher specimens are 
deposited in the herbaria of these two institutions. The material was either 
air-dried and milled before extraction with 80% methanol or the fresh material 
was ground in a Waring Blendor directly with 80% methanol. The flavonoid 
glycosides were extracted, separated, purified and identified by standard proce- 
dures (Harborne, 1967). Rf values and uv spectral data for the flavonoids 
described are found in Table 1. 

For comparison purposes two-dimensional paper chromatograms were run on 
Whatman No. 1 paper using PhOH (phenol:water—500:125) and 1596 HOAc. To 
improve viewing under uv light the dried chromatograms were dipped in 3% 
AlCl in methanol. This changed the flavonoids from dark absorbing spots to 
bright yellow spots which were more easily and reliably scored. All plant extracts 
were examined for leucodrin by paper chromatography on paper pretreated with 
10% glycerol in methanol and run in BuOH:Tol (n-butanol:toluene-1:1 and 
saturated with H,O). After air-drying, the chromatograms were sprayed with Pauly's 
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reagent (0,5% solution of diazotised sulphanilic acid in 10% aqueous Na;COJ). 
The extracts were also examined for hydrogen cyanide producing compounds and 
arbutin according to methods previously described (Glennie and Davidson, 1978). 


TABLE 1. 
Rç and spectral characteristics of the flavonoid glycosides of Leucospermum. 


Ry (x 100) in 


Glycoside 15 % HOAC Phenol* 
Quercetin-3-O-rutinoside .......... 46 
Quercetin-3-O-glucoside........... 56 
Quercetin-3-O-galactoside ......... 48 
Quercetin-3-O-arabinoside ......... 33 
Isorhamnetin-3-O-rutinoside........ 79 
Isorhamnetin-3-O-glucoside ........ 73 
Isorhamnetin-3-O-galactoside....... 75 


Isorhamnetin-3-O-arabinoside ...... 
Myricetin-3-O-rutinoside .......... 


à max (nm) in 
80 % MeOH 


Glycoside 


256 (265)t 
257 (265) 
264 


Quercetin 3-O-glycoside...... 
Isorhamnetin 3-O-glycoside ... 
Myricetin 3-O-rutinoside ..... 


*B AW —organic layer of n-butanol:acetic acid:water (4:1:5); 1S%HOAc—15% acetic acid; Phenol—500 g 
phenol in 125 g water 
tinflection 


DISCUSSION 

The distribution of the different flavonoid glycosides throughout the 9 sections 
of Leucospermum are shown in Table 2. All the plants listed have been screened 
for all the compounds listed and only positive results presented. Blanks in the 
table represent negative results. 

In all cases the sugars are attached at the 3-O-position. The galactosides and 
rutinosides of quercetin and isorhamnetin appear to be distributed uniformly 
throughout the genus while other glycosides have a more restricted distribution. 
Arabinosides of isorhamnetin and quercetin show a limited occurrence as do the 
glucosides of these agylcones, i.e. sections 2, 4, 5 and 6 contain arabinosides and 
lack glucosides while sections 1 and 3 contain glucosides and lack arabinosides. 
The arabinosides are more widespread than the glucosides and it should be noted 
that they do not usually occur together except in sections 7, 8 and 9 where 
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quercetin glucoside occurs with both arabinosides. Myricetin rutinoside is re- 
stricted to a few species in only four sections. 

Elsworth and Martin reported kaempferol present in all Leucospermum species 
they examined and van Oudtshoorn scored most of his Leucospermums for 
kaempferol. In this present study no kaempferol could be detected but rather 
isorhamnetin was isolated from all 29 species. Since it is rather difficult to 
distinguish between kaempferol and isorhamnetin in most chromatographic sys- 
tems I would suggest that it was isorhamnetin rather than kaempferol that the 
above authors detected. In this study the isorhamnetin agreed with authentic 
material in Ry values in 4 different solvents and in uv spectral characteristics; mass 
spectral data also indicated isorhamnetin rather than kaempferol. 

Like isorhamnetin, quercetin was found in every species examined, being most 
commonly found as the rutinoside and galactoside. Myricetin is more restricted in 
its distribution and was found in only 5 out of 29 species surveyed. The 
Leucospermum spp. listed in Table 2 do not contain cyanogenic compounds nor do 
they contain the glucoside of hydroquinone, arbutin. Protea spp. are rich in 
arbutin (Glennie and Davidson, in press; van Oudtshoorn, 1963) but although van 
Oudtshoorn reported arbutin present in all Leucospermum spp. he surveyed, none 
could be detected in this study. 

Two unusual phenolic lactones occur in 9 of the species surveyed; these 
lactones are leucodrin (Perold and Pachler, 1966) and its companion compound, 
leudrin (Highet, Perold and Sokoloski, 1976). Leucodrin is present in all species 
of Leucadendron tested for its presence while leudrin has a slightly more 
restricted distribution. Since these unusual compounds are found in both 
Leucadendron and Leucospermum spp. it could be suggested that both these 
genera are related and perhaps even have ancestry in common. 

It should be noted that most species containing leucodrin and leudrin occur in 
the last 4 sections in Table 2. Leucospermum spp. which do not contain leucodrin 
contain its diastereoisomer, conocarpin. Since both of these compounds are rather 
complex molecules and also are isomers of each other, it would appear that their 
biosynthetic pathways did not evolve independently. It is more probable that one 
is a replacement character of the other, and the presumed more advanced species 
of this genus could have gained the ability to biosynthesize leucodrin as they lost 
their ability to produce its isomer, conocarpin. 

On morphological and phytogeographic grounds, Rourke regards the species in 
Section 1 (Crassicaudex) as the most primitive and those in Sections 6, 7, 8 and 9 
(Leucospermum, Diastelloidea, Xericola and Crinitae) as the most advanced. He 
suggests that it is from these advanced sections (6—9) that the possible ancestors 
of Leucadendron could have been derived. The chemical data reported in Table 2 
would support this in that it is the last four sections which contain the species 
biosynthesizing leucodrin which is typical of Leucadendrons and not conocarpin 
which is characteristic of the presumed more primitive Leucospermums. 
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In placing their plants into four different groups, Elsworth and Martin found 
both Leucospermum and Leucadendron in Groups 1 and II (their most primitive 
groups) and Leucadendron only in Group III (a more advanced group) suggesting 
that at least some species of Leucadendron are more advanced than Leucosper- 
mum. The 5 species of Leucospermum from Rourke's Sections 6—9 that they 
studied were placed in Group I while the remaining 10 species from Rourke’s 
more primitive sections were found in Group I (4 species) and Group II (6 
species). This grouping was chosen mainly on the presence or absence of 
leucoanthocyanins and myricetin with its three vicinal hydroxy groups. In the 
present study most plants found to contain myricetin occurred in Rourke's more 
primitive sections. Work is continuing in an attempt to identify the flavonoid 
content as well as unusual phenolics in both Leucospermum and Leucadendron. 
This could possibly help clarify the position of these two genera and aid in 
understanding their phylogeny. 

Suggesting that Leucospermum and Leucadendron are closely related and 
possibly had a common ancestry is contrary to the phylogenetic relationships 
inferred by Johnson and Briggs (1975). They suggested that Leucadendron and 
Aulax are derived from Aulacinae and Leucospermum and other genera with n:12 
come from Proteinae. When the distribution of the flavonoids in Leucadendron is 
established it will aid in determining the relationships between the genera within 
the Proteoideae. 

The Tumiditubus section consists of 8 species, 6 of which are included in this 
survey. At one end of the range is the L. praecox/L. fulgens group which are 
erect, rounded shrubs and from this the form gradually moves to the L. 
spathulatum/L. profugum group which are sprawling shrubs. There is also a 
significant change in flavonoid content as the erect shrubs contain only isorhamnet- 
in and quercetin glycosides while the sprawling shrubs at the other end of the scale 
do not contain quercetin glucoside but rather myricetin rutinoside and leucodrin 
with a gradual transition between the two extremes. 

It would be worthwhile to extend this study to as many taxa as possible within 
the Proteoideae for several reasons. The flavonoid patterns could be of value in 
determining the relationships between the various taxa within this sub-family and 
also in establishing their phylogeny. Since the Proteaceae appears to be rich in 
unusual phenolic compounds it would certainly be worthwhile to survey as many 
of its members as possible for these novel compounds. Lastly, it would be 
interesting to examine Grevilleoideae in the same manner and see how the two 
sub-families compare with each other. 
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TABLE 2. 
Distribution of Phenol Glycosides in Leucospermum Species 
Species Compound 
1 2 3 4 5 6 7 8 Sos 0m 

Sect. 1. CRASSICAUDEX Rourke 
TE SAXOSUIN S. Moore oer qe up Ge ae SP Sp 
L. cuneiforme (Burm. f.) Rourke ... + + + + + 4 
JOEnnovansBRourke me: + + + + t F 
Sect. 2. CONOCARPODENDRON Buek ex Endl 
L. conocarpodendron (L.) Buek .... + + + + + 
I Eolabrumapnilipsge e qe BO Gp de cwpBO aF 
L pluridens Rourke P Be SP ame FP aF 
Sect. 3. TUMIDITUBUS Rourke 
L praecon Rourke PP qo ae EE aP ow 
leyjulgens Rourke "ERE ge apo RB ar ap qp 
Pmuimusbphilipss ee EE 4P o XB Spo p se Se 
L. erubescens Rourke ...........- To 5B PGE T 
L. utriculosum Rourke ............ SPS SPP + + + 
L. spathulatum R. Br. ............ oP Se dp o dp + + + + 
Sect. 4. BREVIFILAMENTUM Rourke 
L. vestitum (Lam) Rourke ......... + + + + + + 
L: totum C) Re Bie + + + + + + 
L. lineare R Bt e T. + + + + + + 
L. cordifolium (Salisb. ex Knight) 

Fourcade. < E o NT + + + + + + = 
L. cordatum Phillips ............. aa apo SP SP 4e WB 
Sect. 5. CARDINISTYLUS Rourke 
L. formosum (Andr.) Sweet ........ ar Ap SP 3p o XR O B 
L. catherinae Compton ........... a ar SP ae 4p 4p 
Exqueinzi Meisner ear qp Spo xpo XE AF 
L. reflexum Buek ex Meisn. ....... "P apo Ap o apo 3 o Se T 
Sect. 6. LEUCOSPERMUM 
L. tomentosum (Thunb) R. Br. ..... am ana ee a dB oup WF 
Sect. 7. DIASTELLOIDEA Phillips 
L. calligerum (Salisb. ex Knight) 

Rourke "tmm. P we Apo up up P dE ap wp 
L. royenifolium (Salisb. ex Knight) 

Stapf,. "MEC ape Me + + + + + + + + 
L. truncatulum (Salisb. ex Knight) 

Rourke Pete occ PAM ar ar an ae oa SPF 
L. bolusii Gandoger .............. + + + + + + + EE 
Sect. 8. XERICOLA Rourke 
L. alpinum ssp. amoenum Rourke .. + + + + + + SP ae 
Sect. 9. CRINITAE Phillips 
L. oleifolium (Berg) R. Br......... + + + + + F GE 
L. mundii Meisn. ................ + + + + + + + ipo SP 
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KEY 

1. Quercetin 3-O-rutinoside; 2. Isorhamnetin 3-O-rutinoside; 
3. Quercetin 3-O-galactoside; 4. Isorhamnetin 3-O-galactoside; 
5. Quercetin 3-O-arabinoside; 6. Isorhamnetin 3-O-arabinoside; 
7. Quercetin 3-O-glucoside; 8. Isorhamnetin 3-O-glucoside; 
9. Myricetin 3-O-rutinoside; 10. Leucodrin; 

11. Leudrin. 
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